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The  involvement  of the  serum  complement  (C')  system  in  allograft  rejection  is 
controversial (1--9). One possible mechanism by which serum C' may be activated in 
vivo includes serum antibodies as evidenced by the cytotoxic assay in vitro (i0,  11). 
When donor target cells are incubated with host antiserum,  C' is required to destroy 
the cells (10,  11).  All the known components of the hemolytic C' system are needed 
(8).  The existence as such  of similar C' dependent mechanisms of graft destruction 
also under in vivo conditions has been well documented in a model of rapid rejection, 
the renal xenogrsft in the dog (6). But it is much more difficult technically to elucidate 
a possible role of C' in the allograft reaction, due mainly to the extended time periods 
involved  in  such  experimentation.  Clinical  studies  on  C'  consumption  (3,  6)  sug- 
gested a  participation of C' in the rejection of kidney allografts by some of  the re- 
dpients,  but  it is not possible from the data  to conclude  on the pathogenic signifi- 
cance. 
In contrast to the findings in human recipients,  there was no significant reduction 
in serum  C' activity when dogs rejected renal aUografts (5,  6)  or when rats reacted 
toward  skin  allograffs  (2),  even if  the  donor  skin  was  of massive dosage  (9).  The 
suppression of serum C'3 activity by a factor of cobra venom resulted in insignificant 
prolongation  only of the survival of skin allografts in chicken and  in mice and 
no effect on renal allograft rejection in dogs (6). Furthermore,  mice of the B10 D2/ 
old line strain which are known to lack hemolytic C' activity because of the absence 
of the fifth component of C', termed  C'5, rejected allografted skin in the same time 
interval as given for those in recipient members of the B10 D2/new line,  which are 
active in C' (4). 
In 1963, first observations were published (1) on the behavior and fate of skin 
allografts in  a  few available members of a  specific rabbit strain  with  a  heredi- 
tary absence of hemolytic C' activity (12). These deficient rabbits were able to 
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reject the grafts but did so only after some delay, compared with normal rabbit 
recipients. The findings are in line with the possibility that the classical third 
component (C'3) of C', although not required, may contribute to the rejection 
process. 
More information has been accumulated in the last years concerning the na- 
ture of the C' deficiency in these rabbits. The defect is due to the absence of the 
sixth component (C'6) of C' (13). In this study, observations will be described 
of 59 skin allografts in C' active and of 27 duplicate grafts in C' deficient rab- 
bits. In confirmation and extension of the preliminary report (1), we expect to 
show that C'6 is not requisite for the immune destruction of allografts, but that 
it, nevertheless, may contribute to the pathomechanism. 
Materials  and  Methods 
Complement Defective Rabblts.--The inability of the defective serum (Cdef) to lyse sensi- 
tized sheep erythrocytes  (EA) is due to the absence of the activity of the sixth component 
(C'6) of complement. All the other known C  ~  components are present in Cdef. Ct6 material 
purified from human or from normal rabbit serum fully reconstitutes Cdef to  normal  hemo- 
lytic activity (13) and so doespurified guineapig C'3e.  1 Details on the nature of the C' defect 
are described elsewhere (13). 
The C' deficiency  was established for each animal by failure of the serum to lyse EA and 
by negative assays for C'6. Each individual serum could be reconstituted  to full hemolytic 
activity by the admixture of rabbit C'6. Some of the deficient animals had circulating anti- 
bodies against rabbit C'6 at the time of grafting and some additional rabbits later produced 
them. All Cdet rabbits immunized with purified rabbit C'6 responded with antibody  formation. 
Most of the animals used in this study were derived from the C' defective Freiburg strain. 
The deficiency is inherited in a recessive pattern. Since inbreeding is not possible in the rab- 
bit, homozygote deficient rabbits were mated to randomly chosen C' normal animals and the 
heterozygote (C' active) F1 offspring recrossed with homo~Tgotes. The resulting fitters have a 
normal life expectancy and consist of roughly 50% C  ~  deficient animals. There was no linkage 
between C' deficiency, hair color, or skin thickness, allowing for the combination of the de- 
ficiency  with different fur color and with skin of varying thickness. Also included in this study 
are offspring,  bred in the manner as above, from a member of the Mexico deficient strain (7). 
"Freiburg"  and "Mexico" rabbits have a similar C' deficiency and were exchanged between 
Dr. Biro's and our laboratory to facilitate breeding. 
Hetvro~ygote Rabb/~.--The term refers to the genetics of the C'6 deficiency. The animals 
are either the F1 heterozygotes described above or their offspring.  They have an active serum 
C' system but their C' titers are often lower than those of their normal progenitors. 
Normal Rabb/ts.--Adult New Zealand Whites of either sex were used for the study. 
Estimation of Rabbit C' Aaivity.--Whele hemolytic C' activity was determined as in refer- 
ence 14. 
Rabbit Ct6 Aai~ity.--The activity of the C' component was assayed as described in ref- 
erence 13. 
Anabody to Rabbit C'6.--Antiserum  against C'6 was produced by the intravenous injection 
into Ct6 deficient rabbits of alum-precipitated C'6 material purified from normal rabbit serum 
according to the procedure described in (13). The antiserum inhibits C'6 hemolytic activity 
and conforms to the criteria described in (13). 
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Rabbit Blood Groups.--Blood group antigens of rabbit  erythrocytes  were determined  by 
agglutination with antisera prepared in other rabbits  as detailed in (15). The nomenclature 
proposed by Cohen was used for denoting  the rabbit  antigens. 
Rabbil Skin Allografls.--Full tldckness orthotopic ear d~n grits of approximately  1.5 cm 
diameter were transplanted  in duplicate from each donor to each recipient. The original loca- 
tion of the grafts on the ear was, with the progress of the study, replaced by skin grafting to the 
flanks because of increased improvement and better protection against  mechanical destruc- 
tion by bandaging. The animals were pretreated  with penic~llln and streptomycin  and were 
kept under this protection during the life span of the grafts. 
Criteria of Rcflctlon.--Gross  and stereomicroscopic observations at each change of dress- 
ings and at periodic time intervals provided an objective evaluation of the behavior and via- 
bility of the transplants  (16, 17). The time of skin allograft rejection was determined when 
skin  stereomieroscopy indicated  either  cessation  of blood circulation,  vascular  disruption, 
complete vascular breakdown, or a combination of these changes in the graft vessels. 
Cytotoxic Antibodies.--Antibodies formed by recipient  rabbits  in response to skin  allo- 
grafts were assayed according to the dye exclusion method  of reference 10, using normal 
rabbit serum as source of C'. Test sera were collected from the hosts prior to the grafting pro- 
cedure and then in intervals of 2 days after the operation. After storage at --25°C, the sam- 
pies from a particular  host were tested the same day with the cells from the popliteal lymph 
nodes of the specific  donor. Compared to mice or rats, rabbit sera are less reactive in cytotoxic- 
ity; in this study, 30% kill by 0.05 mi undiluted test serum of 2.5 X  10  s cells in a total volume 
of 0.15 ml represented a good antibody response. 
RESULTS 
Survival Period of Allografls  in C' Normal Rabbits.--59 full thickness skin al- 
lografts were transplanted in duplicate to 43 randomly selected rabbits of nor- 
mal C' activity (Table I). The survival endpoint of these grafts varied between 
6 and 10 days. There was one exception: the graft placed on rabbit  27 for some 
unknown reason survived 24 days. 
Grafts exchanged between littermates  (indicated by double daggers)  tended 
to survive a  day or two longer compared with  those exchanged between non- 
littermates;  the survival time varied from 7 to 11 days. Similar observations on 
prolonged survival of skin transplants  between closely related,  but not cynge- 
neic,  rats have previously been reported.  They were ascribed  to closer tissue 
compatibility between genetically closely related animals (18). 
Survival Period of Allografts  in C' Defective Rabbits.--The reactivity times of 
skin grafts removed in duplicate from 27 different donors and transferred to 17 
C' deficient hosts are summarized in the last column of Table II. Of these grafts, 
14 were rejected within  the normal period of survival time,  and 9 survived to 
the time range between 11 and 25 days after transplantation.  Of the remaining 
four grafts, the entire course of events leading to the rejection could not be fol- 
lowed; two grafts,  one each from donors 238 and 239,  survived to 17 and  27 
postoperative days, respectively, when they were damaged by scratching; and 
two, one each from different donors 1111  and  1112, persisted  intact for more 
than a year in the same recipient 12 when this animal died. 
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TABLE  I 
Skin AUografl Rejection  in C  ~ Active Rabbits* 
Rejection  Host  Sex  Blood group  Donor  Sex  Blood group  (flay p.op.) 
A.  C' active redpients-C active donors 
86  m 
86  m 
95  f 
A  f 
100  m 
115  f 
83  f 
255h  m 
56h  m 
97  m 
151  m 
103  f 
147  m 
138  m 
A  f 
41  f 
1108  f 
116  f 
132  f 
50h  m 
153  m 
161  f 
99  m 
69h  m 
1100  m 
263h  f 
149  f 
41  f 
255h  m 
370h  f 
106  f 
77  m 
1114  f 
81  f 
114  m 
380h  f 
388h  f 
389h  f 
369h  f 
381h  m 
27  f 
ACFLM 
ACFLM 
n.d. 
DFLM 
ll.d. 
l]..d. 
n.d. 
CFM 
BCEFM 
n.d. 
n.d. 
n.d. 
n.d. 
D-.d. 
DFLM 
ACFHM 
n.d. 
n.d. 
n.d. 
CEFM 
n.d. 
n.d. 
n.d. 
CFM 
n.d. 
ACEFM 
n.d. 
ACFHM 
CFM 
CFHM 
n.d. 
n.d. 
ll.d. 
n.d. 
n.d. 
CFM 
BCFL 
BCF 
CFHM 
CFLM 
n.d. 
A 
41 
102 
41 
96 
89 
120 
263h 
50h 
112 
130 
109 
101 
81 
86 
86 
135 
56 
105 
1103 
110 
46 
104 
255h 
1102 
A 
257h 
369h 
113 
1105 
117 
135 
107 
381h 
389h 
388h 
370h 
380h 
28 
f 
f 
f 
f 
m 
m 
f 
f 
m 
f 
In 
f 
f 
f 
m 
m 
f 
f 
m 
IIl 
m 
f 
f 
m 
ITI 
m 
f 
f 
f 
f 
f 
in 
f 
Ill 
f 
m 
f 
f 
f 
f 
m 
DFLM 
ACFHM 
n.d, 
ACFHM 
n.d. 
n.d. 
n.d. 
ACEFM 
CEFM 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
ACFLM 
ACFLM 
n.d. 
n.d. 
ll.d. 
BCEFM 
n.d. 
n.d. 
n.d. 
CFM 
n.d. 
CFM 
n.d. 
DFLM 
CFM 
CFHM 
n.d. 
n.d, 
ll.d. 
I).d. 
n.d. 
CFLM 
BCF 
BCFL 
CFHM 
CFM 
ll.d. 
6 
6 
6 
6 
6 
6 
6 
6 
7~ 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
st 
8 
8 
8 
8 
8 
8 
8 
9 
9~ 
9~ 
9 
9 
9 
9 
9 
10~ 
t0~ 
10~ 
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lografted skin. But the reason for the temporary or prolonged tolerance by the 
C% defective rabbits of some of the aUografts remains open; such prolonged sur- 
vival does not occur in grafts placed on C' active recipients.  A possible correla- 
tion,  therefore,  with the absence of Cr6 had to be of first consideration.  Experi- 
ments to restore in the defective animals  the normal capacity for rejection by 
TABLE I--Conduded 
Host  Sex  Blood group  Donor  Sex  Blood group  (day" p.op.) 
B.  C' aaive recipients-C' defwient donors 
86 
A 
376h 
263h 
381h 
41 
91 
94 
255h 
369h 
370h 
380h 
389h 
4868 
4868 
9O 
93 
388h 
f 
m 
m 
m 
f 
f 
f 
f 
m 
m 
f 
ACFLM 
DFLM 
II.d, 
ACEFM 
CFLM 
ACFHM 
CDFLM 
DFLM 
CFM 
CFHM 
CFHM 
CFM 
BCF 
ACEFM 
ACEFM 
CDFLM 
CDFLM 
BCFL 
375 
375 
480 
257 
379 
375 
378 
113 
257 
371 
371 
379 
383 
238 
239 
357 
372 
383 
f 
f 
f 
f 
f 
f 
f 
f 
f 
f 
m 
m 
f 
f 
f 
BCFM 
BCFM 
n.d. 
CFM 
FLM 
BCFM 
ACFHM 
BCF 
CFM 
CFHM 
CFHM 
FLM 
BCFLM 
ACFHM 
ABCF 
BCFLM 
n.d. 
BCFLM 
6 
7 
7 
8 
8~ 
9 
9 
9 
9~ 
9t 
9~ 
9, 
9~ 
9 
9 
10 
10 
lo~ 
* Data of the preliminary report (1) are included in this table. In randomly chosen host- 
donor combinations, the grafts survived between 6 and 10 days, regardless of the C' activity 
in  the  donor  animals.  "h"  indicates heterozygotes;  n.d.,  not  done. 
Grafts exchanged between littermates are indicated by :~; they tend  to last a  day or 
two longer. 
passive administration of C'6 are severely impeded by (a) technical difficulties 
in maintaining  a  sufficiently high level of activity over prolonged periods of 
time, (b) by the tendency of the animals to produce antibody against C'6, and 
(c) by the unpredictability of the take period in the absence of C'6. The follow- 
hag experiments were undertaken to exclude other possible explanations,  aside 
from the C% defect, for the observed inadequacy. 
Capacity  in General of the CI6 Defective Rabbits to React against AUografls.-- 
Initially, it seemed conceivable that the prolonged survival of allografts in some 
C'6 defective rabbits and the normal rejection in others could be due to an ira- 570  ALLOGRAFT  REJECTION  IN c'6 DEFECTIVE  RABBITS 
TABLE  II 
C' Defective Rabbits Less E2ff+'ient than Normal Rabbits  in Allograft Rejection* 
]  Rejection  Host  Sex  Blood group  Donor  Sex  Blood group  (day p.op.) 
A.  C' defwient recipients-C' aai~e donors 
Ill  375 
12 
357 
375 
375 
113 
257 
371 
372 
378 
238 
371 
257 
383 
383 
379 
379 
476 
12 
12 
m 
m 
BCFM 
BCFHM 
BCFLM 
BCFM 
BCFM 
BCF 
CFM 
CFHM 
n.d. 
ACFHM 
ACFHM 
CFHM 
CFM 
BCFLM 
BCFLM 
FLM 
FLM 
n.d. 
BCFHM 
BCFHM 
86 
1113 
90 
A 
41 
94 
255 
370 
93 
91 
4868 
369 
263 
389 
388 
38O 
381 
376 
1111 
1112 
m 
f 
f 
m 
m 
f 
m 
m 
f 
f 
f 
f 
f 
m 
ACFLM 
n.d. 
CDFLM 
DFLM 
ACFHM 
CDFLM 
CFM 
CFHM 
CDFLM 
CDFLM 
ACEFM 
CFHM 
ACEFM 
BCF 
BCFL 
CFM 
CFLM 
n.d. 
n.d, 
n.d. 
7 
8 
8 
8 
8 
9 
9~ 
9I 
9 
9 
10 
10.~ 
11 
125 
14.~ 
15;t 
15:1: 
25 
>3O 
>3O 
B.  C  defi,  ciort recipi~nts-C de.f~ient donors 
44 
45 
12 
83 
480 
239 
238 
f 
f 
m 
Ill 
m 
m 
CFM 
CFM 
BCFHM 
CFHM 
n.d. 
ABCF 
ACFHM 
45 
44 
83 
12 
476 
238 
239 
f 
f 
In 
m 
HI 
Ill 
CFM 
CFM 
CFHM 
BCFHM 
n.d. 
ACFHM 
ABCF 
7;t 
11 
11 
13 
>17 
>27:~ 
* Data of the preliminary report  (1) are included in this table. Normal  rejection or pro- 
longed tolerance were independent of blood group combinations, cytotoxic antibody response, 
C  ~ activity of the donor, or littermate relationship; n.d., not done. 
Grafts between littermates. 
pairment in general of the immune rejection mechanism in only some, but not 
all, members of the defective strain. To test this possibility, grafts from differ- 
ent donors were concurrently transplanted to each of several C% defective re- 
cipient rabbits, or consecutively to a  single rabbit, No.  12.  The result is in- 
cluded in Table II. While some of the defective animals rejected skin from dif- U.  ROIti.~R,  D.  L.  BALLANTYNE,  JR.,  C.  COHEN, AND  K.  ROTHER  571 
ferent donors in the same time interval (hosts 375, 379) or with differences of 
only 1 or 2 days (hosts 257,  371, 375, 383),  the defective animals  12 and 238 
tolerated some of the grafts, while at the same time rejecting others in a normal 
course of time. Animal  12 is of special interest in that a second duplicate set of 
grafts  from another  donor  (No.  1112)  was transplanted  only when  the first 
graft (from No. 1111)  was still viable at 25 postoperative days. A third dupli- 
cate set of grafts from another nonspecific donor (No. 1113) was placed on the 
same recipient  (No.  12)  another 3 months later and was destroyed in 8 post- 
operative days, while the first two sets of grafts  (from Nos.  1111,  1112)  were 
still surviving and remained viable for several more months. Three conclusions 
were drawn from this observation: (a) C'6 deficient rabbits which failed to re- 
ject particular grafts for long periods of time are not impaired in a nonspecific 
way, since they are capable of rejecting other grafts in due course of time; (b) 
the inefficiency of C% deficient rabbits to reject certain grafts is, in an unknown 
way, related to specific factors, inherent in the particular donor-host combina- 
tion; and  (c)  the result again underlines  that rejection of skin grafts can pro- 
ceed in the absence of C%. 
Influence of C'6 Activity of the Donor.--To rule out a  possible influence by 
the C' activity of the donor on the rejection response of the hosts, 18 skin grafts 
from C' defective donors were transplanted  in duplicate to 17 normal rabbits. 
The grafts were rejected within 6--10 days following the  transplantation  (Part 
B  of Table I).  Similarly,  the  time at which  seven C'6 deficient recipients  of 
grafts in duplicate from seven C'6 deficient donors (Part B of Table II) rejected 
their transplants  did not significantly differ from that seen in C'6 defective re- 
cipients of skin from C' active donors (Part A of Table II). Thus, the allograft 
survival in either normal or in C'6 defective rabbits was independent of the C' 
activity of the donor. 
Influence of Blood Group Antigens.--In  the rabbit, variations  of 1-3  days in 
the  reactivity  time  of allografts  have  been ascribed  to blood group  antigens 
(19-21). Although some of the allografts (Table II) in the present study survived 
far beyond the  10 day period, maximally seen in normal rabbits under condi- 
tions of matched blood groups,  the relation,  if any, between the compatibility 
in blood groups and prolonged survival of grafts has also been evaluated in the 
C' deficient animals. Preceding the transplantation  to C'6 defective hosts, cer- 
tain donors have been selected for (a) compatibility of blood groups (e.g., No. 
44 ~  45; Table IIB);  (b) blood group antigens known to represent moderate 
incompatibility only, such as C into L  (No. 380 ~  No. 379; Table II A) or D 
into  F  (No. 90 ~  No. 357; Table II A); and  (c) donor antigens known to be 
highly incompatible, such as A into non-A (No. 263 ~  No. 257; No. 86 --+ No. 
375; Table II A). 
The findings are summarized  in Table II.  Grafts between rabbits with per- 
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bination) or late (No. 388 --* No. 383). In a C'6 defective rabbit (No. 257), the 
graft from the highly incompatible donor No.  263  survived longer than that 
from a perfectly matched donor (No. 255). With the No. 379-No. 381 combina- 
tion (Table IV), the graft from No. 381 to No. 379 recipient lasted significantly 
longer than No. 379 ~  No. 381, irrespective of the strong probability based on 
blood groups.  Thus,  while the possibility of a  useful influence by matching 
blood groups remains open, it is apparent that the prolonged survival of allo- 
grafts in the C% defective animals can not be  ascribed to compatibilities in 
blood groups. 
Immune Response of CP6 Defective Rabbits.--Evidence indicating a deficiency 
in the immune system other than the absence of C'6 was not found in members 
of the C t deficient strain. The results of earlier studies are summarized in Table 
III. Likewise, there is nothing that would suggest an impairment, in general, of 
the immune response in the Cr6 defective animals against aUogeneic grafts. The 
varying reactions and survival rate of allografts derived from various donors in 
recipient rabbits  (Nos.  12 and 238;  Table II),  in particular,  rule out a  non- 
specific  inability to immunologically react against grafts by the C r deficient 
hosts which are ineffective in rejection reaction. However, the possibility re- 
mained, initially, that the longevity of some transplants may reflect an inca- 
pacity of some or all of the defective animals to respond toward these specific 
tissues in a normal fashion. 
The antigenicity in C' defective rabbits of skin aUografts was investigated 
by comparing the formation of cytotoxic antibodies in two groups of rabbits. 
One group consisted of four C% defective and the other of six C  ~ active hetero- 
zygote hosts. Antibodies were titrated against nine and twelve donors, respec- 
tively. Cytotoxic antibodies appeared between 5 and 10 days after grafting in 
the two groups, similar to the response normally observed in rabbits. The peak 
titers were not lower in the defective rabbit group than in the C ~ active group. 
The members of the two groups belong to the next experiment in which trans- 
plants were exchanged between C  ~ deficient and C  ~ active littermates (Table 
IV). The prolonged tolerance in the defective animals as well as the normal 
rejection in the C  t active partners was independent of the cytotoxic antibody 
titer. Thus, while the survival of allografts in the defective rabbits is specifically 
dependent upon the donor tissue, the delay in rejection reaction can not be at- 
tributed to tissue compatibility or to failure on the part of the hosts to specifi- 
cally respond to the foreign tissue. 
Further Evidence in Favor of Participation of C'6.--It is possible,  theoretically, 
that in addition to the deficiency in the C' system the C'6 defective strain car- 
ries a hereditary deficiency of an unrecognized system which may be operative 
in graft rejection. The following experiments were undertaken to investigate 
this subject: 
(a) Fifth and sixth generation C' active heterozygotes which inherited con- U. ROTHER, D. L. BALLANTYNE~ JR.,  C. COHEN, AND K. ROTIi~R  5~3 
siderable amounts of the genetic material of the C' defective strain were used 
for hosts. The grafts were rejected in a  normal fashion and time. The animals 
have been included in Table I  and are identified by "h." 
(b) Fourth generation heterozygote rabbits were recrossed with homozygote 
defective rabbits of the same strain. From three available offspring littermates, 
trios consisting of one C'6 defective and two C' active heterozygote animals 
TABLE ITI 
Previous Observatgons in C6 D, "ective  Rabbits (Freiburg strain) 
Heredity of deficiency 
C' factor missing 
Rabbit C'6 material recognized as antigenic 
C' factors present 
Properdin activity 
Lysolecithin formation 
Serum protein concentration 
Serum immune dectrophoretic analysis (anti- 
rabbit serum from goat) 
Bleeding and dotting time 
Erythrocyte sedimentation rate 
Blood cell differential 
Immune bactericidal activity (S. typhi) 
Cytotoxic C' activity 
Immune adherence,  mediation by serum 
Immune opsonization 
Phagocytosis by PMN's 
Immune clearance of Salmonella typki 
Antibody production, 
precipitation 
indirect agglutination 
indirect hemolysis 
cytotoxic isoantibodies 
PCA in guinea pigs 
Anaphylatoxin formation 
Anaphylactic shock 
Active Arthus reactivity 
Passive Arthus reactivity 
Masugi Nephritis 
Tuberculin skin reactivity 
Nonspecific inflammatory reactivity (bovine 
fibrinogen i.d.) 
Systemic reaction to endotoxin 
Follows recessive pattern (24) 
C'6 (13) 
Yes (13) 
All known factors except C'6 (13) 
Present (12) 
Deficient (22) 
Normal (1) 
Inconclusive*  (questionably missing line in 
the beta region) 
Normal (1) 
Normal (1) 
Normal (1) 
Defective,  can be restored by C'6  (23) 
Defective, can be restored by C'6 (8) 
Normal (24) 
Normal (24) 
Normal (24) 
Normal (25) 
Undiminished* 
Undiminished* 
Undiminished* 
Undiminished* 
Undiminished* 
Normal (26) 
Accidentally  observed  in  one  C'deficient 
animal (i) 
Demonstrable (1) 
Markedly diminished  under  defined  condi- 
tions,  can  be restored by local addition 
of classical C'3 (27) 
Develops  normally  (second  phase  studied 
only) (28) 
Diminished  (1, 29) 
Undiminished* 
Normal, biphasic fever response* 
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were selected on the basis of blood groups to have only an extremely low prob- 
ability that the deficient animals would be more histocompafible recipients than 
the two C' active members of each trio. In an additional litter, only two animals 
were available for graft exchange. 
The results axe summaxized in Table IV. In the deficient animals 379 and 
383, the grafts from the C' active littermates survived significantly longer than 
TABLE IV 
Grafts  Exchanged  between C'  Active Heleroc.ygote (h)  and  C'  Defective  Littermates  Tended  lo 
Last  Longer  on  the  Defective  Rabbits* 
Rabbit  No. 
371 
379 
383 
257 
C'  system 
Def. 
Def. 
Def. 
Def. 
Day of  Blood group  rejection Rabbit  No. 
10 
CFHM  ~  369 
9 
9 
9 
370 
15 
FLM  ~-~  380 
9 
15 
8 
381 
14 
BCFLM  ~-~  388 
10 
12 
9 
389 
9 
CFM  ~  255 
9 
C' system  Blood group 
Act. (h)  CFHM 
Act. 01)  CFHM 
Act. (h)  CFM 
Act. (h)  CFLM 
Act. (h)  BCFL 
Act. (h)  BCF 
Act. (h)  CFM 
* Def., deficient in C~6; Act., hemolyticaUy active. 
vice versa; in  the  defective rabbit 371,  the grafts from C'  active rabbit 369 
survived for 1 day the rejection in the C' active partner 369 of the skin from 
the defective animals 371. The exceptionally thick skin of rabbit 370 posed a 
disadvantage for survival in the thin-skinned defective animal 371. Postopera- 
tive observations indicated  seepage of blood into  the line of demarcation be- 
tween the graft and host tissues. Yet the duplicate set of grafts was rejected 
only 9 days following transplantation, similar to the rejection of the skin of the 
C t defective donor 371 on the C t active host 370. Evidendy, it was the absence 
of C%, rather than the sharing of genetic material, which was responsible for 
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DISCUSSION 
The nature of the C' deficiency in the Freiburg strain of rabbits has been in- 
vestigated in detail in a previous report (13). Based mainly on (a) the absence 
of hemolysis in an assay System for C'6 and (b) the formation in the C'6 defec- 
tive rabbits of antibodies against C'6 upon immunization with purified rabbit 
C'6 material, it was concluded that the lack of hemolytic C' activity is caused 
by the absence of C'6. Of the other known biological functions of C', the C'6 
dependent chemotaxis (30, 31) and the cytotoxic lysis (8) are known to be ab- 
sent. The capability of the C' defective rabbits to reject allografts,  previously 
described (1, 7) and observed in this study, suggests that C'6 and its biological 
functions are not needed in the rejection process. It is emphasized here that re- 
activities of the C' system prior to the entering of C'6 in the reaction sequence 
are present in the C'6 defective animals.  The present data for this reason do 
not bear upon the possible involvement of the pre-C'6 intermediate steps of the 
C' reaction. 
Our observations are in line with observations in other species of C' deficient 
animals.  Mice of the B10 D2/old line inbred strain  which is deficient in C'5 
rejected skin grafts from members of the C57 BI/6J and of the CF1 cyngeneic 
strains in the normal fashion (4). Similarly,  three members of the Mexico C'6 
deficient  strain  of rabbits,  as described by Biro (7),  normally rejected three 
skin grafts donated by C' active rabbits. The findings in these selected donor- 
host combinations are analogous to those in the majority of our animals. 
On the other hand, the unexpected findings of prolonged survival of some of 
the grafts in the C'6 deficient rabbits indicate that the rejection mechanism in 
C' defective rabbits is less effective than that in C' active rabbits. The findings 
recall  to mind similar observations in other immunopathological conditions.  In 
the tuberculin skin reaction,  it was reported that  the defective rabbits are ca- 
pable of developing typical skin lesions, but the reactions appear less intense 
than in controls (29). The lesser reactivity could be compensated for by intensi- 
fying the immunization.  In  the active Arthus reaction,  Biro (7)  described in 
Mexico C'6 deficient  rabbits the absence of hemorrhage  in  the otherwise in- 
tense lesions; we have found no significant  difference between normal and C'6 
defective rabbits following  active immunization.  But in the passive reaction, 
under conditions of limited amounts of antibody, passive local administration 
of classical  C'3 intensified  the lesions  (27).  Similarly,  in  the second phase of 
Masugi nephritis,  when large  amounts  of endogenous,  actively formed anti- 
bodies react with kidney fixed protein, no difference in the severity of the dis- 
ease was observed in C'6 deficient rabbits and controls (28). 
The lesser efficiency in the C' defective rabbits of the reaction of aUograft 
rejection could,  theoretically, be explained  in either of two ways. It could be 
assumed that, in addition to the known C'6 deficiency, this particular strain of 
rabbits is also defective in another, functionally independent system which is 576  ALLOGRA]~T REJECTION  IN  C%  DEFECTIVE  RABBITS 
normally operative in allograft rejection. But such acombination of genetically 
induced and functionally independent deficiencies in the immune system seems 
improbable in view of the unimpaired rejection mechanism in the fifth and sixth 
generation C' active heterozygotes (Table I) and of the findings in the relatively 
inbred C  p defective and C  p active littermates (Table IV). It seems more logical 
to ascribe the inadequate reactions of allograft rejection to the absence of Cr6. 
Thus, C%, while not necessary for allograft rejection per se, may, nevertheless, 
participate in the process of allograft rejection in normal animals. No effort was 
made in this study to investigate which of the C% biological functions are con- 
cerned. An influence by the lytic activity would be in line with the known de- 
pendence on the entire C  t reaction sequence of the cytotoxic reaction in vitro 
(8) and with the observation that in xenograft rejection the antibody-mediated 
destruction of endothelial cells by C ~  can, indeed, destroy a graft (6). While this 
mechanism obviously can not be the only one operative in allograft rejection, 
it seems difficult to speculate that it should, in C  ~  active animals and in the pres- 
ence of cytotoxic antibodies, not be functional  at all. 
The existence as such of a C p dependent and of a  C ~ independent mechanism 
of graft rejection is well documented. Thus, vigorous first and second set rejec- 
tion of allografted tissue was observed in a species of primitive vertebrates, the 
sea lamprey (Petromyzon marinus),  which does not possess a hemolyti  c C' sys- 
tem (32).  By contrast, the xenograft rejection in the dog is dependent on the 
C r activity of the host. This reaction, believed to be mediated by serum anti- 
bodies, was markedly delayed by inactivating serum C  t to 20 % or less of the 
original titer (6).  But  with  respect to allograft rejection, it is not known to 
what extent, if any, the two mechanisms participate and combine in the de- 
struction of the transplants in higher animals or in the human. One of the re- 
sponses to allografts in higher vertebrates is the formation of cytotoxic anti- 
bodies, known to depend on all of the C  ~ components to destroy donor target 
cells in vitro (8). In chicken and in mice, the depression of C  ~ activity in vivo 
over limited periods of time resulted in only a  slight prolongation of allograft 
survival, considered by the authors (6) as not significant, yet not ruling out a 
possible influence by C'. The decomplementation in these experiments reduced 
the C  ~ activity to 5 or 10 % of the original value as compared to the permanent 
absence of measurable amounts of lytic C  I activity in the C% deficient rabbits. 
It is proposed on the basis of the present findings that two pathways exist in 
a species of higher vertebrates, the rabbit, that may lead to the destruction of 
allografted tissue. One is independent of C% and is alone, in many host-donor 
combinations, capable of effectively  rejecting the graft. The other is C% depend- 
ent and contributes in the rejection process.  The C% dependent activity is an- 
ciliary only and was without significant influence in the majority of the rejec- 
tions in this study. But it became decisive in some specific host-donor combi- 
nations, in which the C'6-independent mechanism was of marginal efficiency U.  ROTHER,  D.  L.  BALLANTYNE,  JR.,  C.  COHEN,  AND  K.  ROTHER  577 
only. In the absence of C'6,  it resulted in a  significant delay in  the rejection 
process. Allograft destruction is not sufficiently understood at present to allow 
a more specific description of the conditions under which C% functions can be 
predicted to become significant. It is puzzling in this respect to note the lack of 
correlation in the C'6 defective animals between immune response as evidenced 
by the cytotoxic test and the survival period of the graft. 
SUMMARY 
27 skin  allografts  were transplanted  in  duplicate  to i3 rabbits  defective  in  the 
sixth  component (C'6)  of complement (C').  14 were rejected  within the normal 
period of time and 9 only after  a significant  delay.  In four  grafts,  no rejection 
was observed. Grafts exchanged between C' active  and C' defective  littermates 
tended to persist  viable  longer  on the C' defective  partners. 
It is concluded that in a species  of higher vertebrates,  the rabbit,  allograft 
rejection  can proceed in the absence of C% and the  biological  functions  depend- 
ing on it. This includes the cytotoxic  function of complement. However, the 
prolonged survival  in C'6 defective  rabbits  of some allografts  strongly  suggests 
that two pathways may be operative  in the rejection  reaction.  The results  are 
consistent  with the view that a mechanism independent of C% was alone fully 
effective in the majority of the donor-host combinations. A  C'6-dependent 
mechanism became influential  only in some specific  donor-host combinations. 
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